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(57) ABSTRACT

The present invention provides an image encoding/decoding
technique that is capable of achieving the higher compres-
sion efficiency. An image encoding method comprises: an
intra prediction step which performs intra prediction on a
block basis to generate a predicted image; a subtraction step
which calculates the difference in prediction between the
predicted image generated by the intra prediction step and an
original image; a frequency conversion step which performs
frequency conversion processing for the difference in pre-
diction; a quantization step which subjects the output of the
frequency conversion step to quantization processing; and a
variable-length encoding step which subjects the output of
the quantization step to variable-length encoding process-
ing; wherein the intra prediction encoding step predicts a
target pixel to be encoded by use of pixel values of two
reference pixels between which the target pixel to be
encoded is located.
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IMAGE ENCODING APPARATUS, IMAGE
ENCODING METHOD, IMAGE DECODING
APPARATUS, AND IMAGE DECODING
METHOD

CLAIM OF PRIORITY

The present application is a continuation application of
Ser. No. 12/248,945, filed Oct. 10, 2008, which claims
priority from Japanese patent application serial no. JP 2007-
263888, filed on Oct. 10, 2007, the content of which is
hereby incorporated by reference into this application.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to moving image encoding
techniques for encoding a moving image.

(2) Description of the Related Art

Encoding methods including MPEG (Moving Picture
Experts Group) method have been drafted as techniques for
converting a large amount of moving image information into
digital data to write and transfer the digital data. Such
encoding methods include MPEG-1 standards, MPEG-2
standards, MPEG-4 standards, and H.264/AVC (Advanced
Video Coding) standards and are used as international
standard encoding methods.

According to the above-described standards, information
about an image whose encoding processing has been com-
pleted is used to predict, on a block basis, a target image to
be encoded. Then, by encoding the difference in prediction
between the target image and an original image, the redun-
dancy of the moving image is eliminated to reduce the
encoding amount. In particular, according to the H.264/AVC
standards, a drastic improvement in compression ratio is
achieved by adopting the intra prediction encoding method
that uses pixels surrounding a target block to be encoded.

However, when the intra prediction according to the
H.264/AVC standards is executed, a prediction method
thereof is too simple to achieve the sufficient prediction
accuracy. For example, the intra prediction based on the
H.264/AVC standards adopts a unidirectional prediction
method in which only one reference pixel is specified so that
all pixels in a prediction direction are predicted by use of a
pixel value of only one reference pixel as a reference value.
Accordingly, there was room for an improvement in predic-
tion accuracy. Therefore, an intra encoding technique, which
is capable of improving the accuracy of intra prediction to
increase a compression ratio, is required.

As a technique for improving the accuracy in intra pre-
diction, for example, JP-A-2006-352181 discloses that kinds
of pixels which can be used for intra prediction are increased
by enabling inverting of the whole image before encoding it.

In addition, nonpatent literature 1 discloses a technique in
which prediction is performed by use of blocks existing on
the upper and lower and right and left sides by changing the
order of encoding on a block basis.

Nonpatent literature 1: “Block Based Extra/Interpolating
Prediction for Intra Coding” T. Shiodera, A. Tanizawa, T.
Chujoh, PCSJ2006, November, 2006.

SUMMARY OF THE INVENTION

However, according to JP-A-2006-352181, unidirectional
prediction is simply performed by using a pixel value of only
one reference pixel as a reference value like in the H.264/
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AVC standards after the image is inverted. Therefore, it is
not possible to further improve the prediction accuracy.

In addition, according to the nonpatent literature 1, the
number of blocks, each of which can be predicted by use of
blocks existing on the upper and lower and right and left
sides, is limited. Therefore, the prediction accuracy of
blocks other than these predictable blocks decreases in
comparison with that in the case of the H.264/AVC stan-
dards.

The problem with the above conventional techniques is
that, for example, when a luminance value largely changes
in a prediction direction, the difference in predicted value
becomes larger, which causes the encoding amount to
increase, resulting in a reduction in compression ratio.

The present invention has been made taking the above-
described problem into consideration, and an object of the
present invention is to provide an image encoding/decoding
technique that is capable of achieving the higher compres-
sion efficiency.

BRIEF DESCRIPTION OF THE INVENTION

These and other features, objects and advantages of the
present invention will become apparent from the following
description when taken in conjunction with the accompa-
nying drawings wherein:

FIG. 1 is a diagram illustrating an image encoding appa-
ratus according to one embodiment of the present invention;

FIG. 2 is a diagram illustrating an image decoding appa-
ratus according to one embodiment of the present invention;

FIG. 3 is a diagram illustrating intra prediction encoding
processing used in the H.264/AVC standards;

FIG. 4 is a diagram illustrating intra prediction encoding
processing according to one embodiment of the present
invention;

FIG. 5 is a diagram illustrating intra prediction encoding
processing according to one embodiment of the present
invention;

FIG. 6 is a diagram illustrating intra prediction decoding
processing used in the H.264/AVC standards;

FIG. 7 is a diagram illustrating intra prediction decoding
processing according to one embodiment of the present
invention;

FIG. 8 is a diagram illustrating intra prediction decoding
processing according to one embodiment of the present
invention;

FIG. 9 is a diagram illustrating intra prediction used in the
H.264/AVC standards;

FIG. 10 is a diagram illustrating intra prediction accord-
ing to one embodiment of the present invention;

FIG. 11 is a diagram illustrating intra prediction according
to one embodiment of the present invention;

FIG. 12 is a flowchart illustrating an image encoding
apparatus according to one embodiment of the present
invention;

FIG. 13 is a flowchart illustrating in detail an image
encoding apparatus according to one embodiment of the
present invention;

FIG. 14 is a flowchart illustrating an image decoding
apparatus according to one embodiment of the present
invention;

FIG. 15 is a flowchart illustrating in detail an image
decoding apparatus according to one embodiment of the
present invention;

FIG. 16 is a diagram illustrating one embodiment of the
present invention;



US 9,451,255 B2

3

FIG. 17 is a diagram illustrating a prediction method that
differs from the intra prediction according to one embodi-
ment of the present invention;

FIG. 18 is a diagram illustrating a configuration example
of an encoded stream according to one embodiment of the
present invention; and

FIG. 19 is a diagram illustrating a configuration example
of an encoded stream according to one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

Each element designated by the same reference numeral
in the drawings has substantially the same function.

“the sum of pixels” in the description and drawings of this
specification expresses a result obtained by adding pixel
values.

First of all, the operation of intra prediction encoding
processing based on the H.264/AVC standards will be
described with reference to FIG. 3. In the case of the
H.264/AVC standards, a target image to be encoded is
encoded in the order of raster scanning (301). Incidentally,
in general, the order of raster scanning means that process-
ing is performed from the top left end of a screen to the right
end, and then the processing is performed from the bottom
left end of the screen to the right end, and this series of
processing is repeated.

Here, each pixel of a target block to be encoded is
predicted by using a pixel value of a decoded image in each
of encoded blocks that are adjacent to the target block to be
encoded on the left, upper left, upper, and upper right sides
of the target block.

In particular, a pixel value of one pixel selected from
among 13 pixels in the encoded blocks shown in FIG. 3 is
used as a reference value. All pixels which are in alignment
with the same straight line in a prediction direction from the
one pixel (a start point) are predicted by referring to the pixel
value of the one pixel as the reference value (302).

For example, as shown with reference numeral 303, all of
pixels B, C, D, E of the target block to be encoded are
subjected to prediction encoding with reference to the same
pixel. Next, difference values (difference in prediction) b, c,
d, e from a value A', which has been obtained by decoding
a pixel directly above the pixel B, are calculated. Moreover,
in the case of the H.264/AVC standards, the most suitable
prediction direction candidate can be selected from among
eight kinds of prediction direction candidates (for example,
vertical, horizontal, and diagonal) on a block basis, so that
value of the difference in prediction, and a value of the
prediction direction are encoded. It should be noted that,
according to the H.264/AVC standards, it is possible to use
“DC prediction” that predicts all pixels included in a target
block to be encoded on the basis of an average value of
reference pixels (304) in addition to the prediction in the
specific direction.

Next, the operation of intra prediction decoding process-
ing based on the H.264/AVC standards will be described
with reference to FIG. 6. Similar to the encoding processing,
decoding processing is also executed in the order of raster
scanning (601). A pixel value of a decoded image is calcu-
lated by use of a decoded reference pixel and the difference
in prediction. To be more specific, a decoded image is
acquired by adding the difference in prediction to the ref-
erence pixel in a prediction direction.

10

15

20

25

30

35

40

45

50

55

60

65

4

For example, in reference numeral 602, by adding differ-
ence in prediction values b', ¢', d', ¢' of a target block to be
decoded (values obtained by decoding b, c, d, e shown in
FIG. 3 respectively, the values including a quantization
error) to the decoded reference pixel A' respectively,
decoded pixels B', C', D', E' (decoded pixels for B, C, D, E
shown in FIG. 3) are acquired respectively.

As described above, the intra prediction encoding pro-
cessing based on the H.264/AVC adopts a simple unidirec-
tional method in which only one reference pixel is specified
to predict all pixels in a prediction direction by a value of the
reference pixel.

FIG. 9 is a conceptual diagram illustrating intra prediction
encoding based on the H.264/AVC standards. Here, a hori-
zontal axis indicates coordinate values in a target block in a
prediction direction; and a vertical axis indicates a pixel
value (luminance value) in the coordinates. Accordingly, a
curve in a graph expresses a luminance curve in a target
block. As previously described, according to the H.264/AVC
standards, blocks which can be referred to when intra
prediction is performed are limited to blocks located on the
left and upper sides of a target block. The H.264/AVC
standards, therefore, adopt a method in which a reference
pixel is copied in one direction. In this case, as indicated
with reference numeral 901, if a luminance gradient in the
target block is gentle, there is a higher possibility that
prediction will come true. Accordingly, the difference in
prediction decreases. However, as indicated with reference
numeral 902, if the luminance gradient is steep, the differ-
ence in prediction increases with the increase in distance
from the reference pixel, which results in an increase in the
encoding amount.

FIG. 10 is a conceptual diagram illustrating intra predic-
tion encoding according to this embodiment. In order to
solve the above problem accompanied by the H.264/AVC
standards, in this embodiment, as indicated with reference
numeral 1001, a pixel located at a boundary of a target block
is used as a new reference pixel (reference pixel 2) such that
that prediction is performed in combination with a usual
reference pixel (reference pixel 1). Specifically, two refer-
ence pixels (the reference pixel 1 and the reference pixel 2),
both of which are located on a straight line passing through
the target block, are selected. A value of a pixel located
between these reference pixels is then predicted by interpo-
lation processing based on interpolative prediction that uses
the two reference pixels. This makes it possible to increase
the prediction accuracy particularly for a block whose
luminance gradient is steep and to reduce the number of
prediction errors.

However, similar to the H.264/AVC standards, if encod-
ing is performed in the order of raster scanning, in many
cases a value of only one (reference pixel 1) of two reference
pixels located at a boundary of a target block can be
acquired. For this reason, the method according to the
present application predicts a value of the other reference
pixel (reference pixel 2) from a pixel value included in a
surrounding encoded block.

To be more specific, according to this embodiment, if the
reference pixel 1 and the reference pixel 2 can be selected
from among encoded pixels, they are selected from among
the encoded pixels. Here, if the reference pixel 2 cannot be
selected from among the encoded pixels, the reference pixel
2 is predicted from the encoded pixels in advance. After that,
as shown in FIG. 10, the prediction is performed by the
interpolation processing based on the interpolative predic-
tion that uses the two reference pixels.
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As a result, even if one of the two reference pixels is not
an encoded pixel, the prediction accuracy for a block whose
luminance gradient is steep can be increased, and accord-
ingly, the number of prediction errors can be reduced.

FIG. 4 is a diagram conceptually illustrating an operation
example of intra prediction encoding processing according
to this embodiment. Also in this case, a target image to be
encoded is encoded in the order of raster scanning, and the
prediction is performed by referring to encoded blocks that
are adjacent to a target block on the left, upper left, upper,
and upper right sides of the target block. Reference numeral
401 denotes intra prediction encoding steps in a vertical
direction. Here, prediction is executed by two steps as
follows: a step 1—prediction of a pixel located at a boundary
of a target block (for example, a reference pixel 2 in (1001))
and the calculation of the difference in prediction; and a step
2—bidirectional prediction using reference pixels located at
both ends of a target block.

In the step 1, two reference pixels used for the bidirec-
tional prediction are selected. Here, if a reference pixel
cannot be selected from among encoded pixels, the reference
pixel is predicted based on surrounding encoded blocks. For
example, with reference to reference numeral 402, values E,
F, G, H of pixels located in the lowermost row of a target
block are predicted by an average value Z of four decoded
pixels A', B', C', D' located in the same row of a block that
is adjacent to the target block on the left side of the target
block. Concurrently, difference values of the difference
between Z and the four pixels are encoded as difference in
prediction values e, f, g, h respectively.

Next, in the step 2, other pixel values included in the
target block are predicted by performing interpolation pro-
cessing based on the interpolative prediction that uses the
two reference pixels selected or predicted in the step 1. For
example, with reference to reference numeral 403, pixels J,
K, L each belonging to the same column in the target block
are predicted by linear interpolation that uses a reference
pixel I' and a value of Z predicted in the step 1, and thereby
difference in prediction values j, k, 1 are calculated. More-
over, these difference in prediction values are encoded.

FIG. 7 is a diagram conceptually illustrating an operation
example of intra prediction decoding processing according
to this embodiment. Decoding can be made by executing
steps reverse to those shown in FIG. 4 (701). First of all, an
adjacent block located on the left side of the target block is
used to calculate the reference pixel Z (702), and the
reference pixel Z is then added to the difference in prediction
values e', f', g', h' of pixels located at the boundary of the
target block so as to acquire decoded images E', ', G', H'
respectively. Subsequently, each pixel included in the target
block is predicted (703) by the reference pixel I' included in
an adjacent block located on the upper side of the target
block, and by the linear interpolation based on the interpo-
lative prediction of the value Z predicted by the above
processing. Each predicted pixel is then added to difference
in prediction values j', k', I' to acquire decoded pixels I', K',
L' respectively.

In the case of the intra prediction shown in FIG. 4, the
method according to the present application cannot be
applied to blocks located at the end of a screen because the
adjacent blocks located on the left and upper sides of the
target pixel are used to predict one of the reference pixels.
Accordingly, the bidirectional prediction according to this
embodiment can be applied to the blocks located at the end
of the screen by performing intra prediction encoding, for
example, according to steps shown in FIG. 5 (501). To be
more specific, in the step 1 (the prediction of pixels located
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at the boundary of the target block, and the calculation of the
difference in prediction), the extrapolative prediction is
performed by use of decoded values A', D' of two pixels
located at both ends of an adjacent block located on the
upper side of the target block to predict a pixel H located at
a boundary of the same column included in the target block.
Then the difference h between a pixel value H and a
predicted value Z is encoded as the difference in prediction
(502).

Next, in the step 2 (the bidirectional prediction using
reference pixels located at both ends of the target block),
pixels E, F, G each belonging to the same column in the
target block are predicted by performing linear interpolation
based on the interpolative prediction that uses Z predicted in
the step 1 as well as the reference pixel D', and then
difference in prediction values e, f, g are encoded (503). That
is, the step 1 of the intra prediction processing used for
blocks located at the end of the screen differs in comparison
with the other cases (shown in FIG. 4).

Even if an adjacent block located on the left side of the
target block cannot be used, the bidirectional prediction
according to this embodiment can be achieved by using the
above step for the blocks located at the end of the screen. In
this case, decoding can be performed by use of steps shown
in FIG. 8. To be more specific, decoding can be made by
executing steps reverse to those shown in FIG. 5 (801). First,
an adjacent block located on the upper side of the target
block is used to calculate the reference pixel Z (802), and the
reference pixel Z is then added to a difference in prediction
value h' of a pixel located at the boundary of the target block
s0 as to acquire a decoded image H. Subsequently, each
pixel included in the target block is predicted (903) by the
reference pixel D' included in an adjacent block located on
the upper side of the target block, and by the linear inter-
polation using the value Z predicted by the above process-
ing. Fach predicted pixel is then added to difference in
prediction values €', ', g' to acquire decoded pixels E', F', G'
respectively.

Even in the case of the method according to the present
application, a prediction method can be selected from
among a plurality of candidates. For example, one of eight
kinds of prediction directions other than DC prediction can
be selected from among nine prediction methods (1101)
used in the H.264/AVC standards shown in FIG. 11. For
example, when prediction is performed in a horizontal
direction (prediction direction 1) (1102), for blocks other
than blocks located at the end of a screen, a pixel belonging
to the rightmost column of a target block is predicted by use
of an adjacent block located on the upper side of the target
block. The predicted pixel is then used as one of reference
pixels to perform the bidirectional prediction.

In addition, when prediction is performed in a diagonal
direction as indicated with a prediction direction 4 (1103), a
pixel belonging to the rightmost column of the target block,
and a pixel belonging to the lowermost line of the target
block, are predicted from adjacent blocks located on the
upper and left sides of the target block respectively so as to
achieve the bidirectional prediction. On the other hand, for
the blocks located at the end of the screen, for example,
when prediction is performed in the horizontal direction
(prediction direction 1) (1104), an adjacent block located on
the left side of the target block is used to predict a pixel value
belonging to the leftmost column of the target block so as to
achieve the bidirectional prediction. Moreover, in the case of
a prediction direction 7 (1105), an adjacent block located on
the upper side of the target block is used to predict a pixel
value belonging to the lowermost column of the target block
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so as to achieve the bidirectional prediction. In this case,
even if adjacent blocks located on the upper and left sides
cannot be used, the use of the steps of (1104) and (1105)
makes it possible to achieve the bidirectional prediction
according to this embodiment.

If the prediction encoding technique according to this
embodiment is used in combination with the conventional
technologies, a high compression ratio can be achieved in
response to characteristics of an image. For example, encod-
ing which is suitable for characteristics of the image can be
made by appropriately using, on a block basis, the technique
according to the present invention and the conventional
techniques in performing encoding prediction. The conven-
tional techniques which are effective include, for example,
the intra prediction encoding method (decoding method)
based on the H.264/AVC standards shown in FIG. 3 (FIG.
6), and the inter prediction method that is also used in the
H.264/AVC standards (prediction method referring to an
image that differs from a target image to be encoded).

FIG. 1 is a diagram illustrating one embodiment of a
moving image encoding apparatus according to the present
invention. The moving image encoding apparatus includes:
an input image memory 102 for storing an inputted original
image 101; a block dividing unit 103 for dividing an input
image into small areas; and a motion estimating unit 104 for
detecting motion on a block basis. The moving image
encoding apparatus further includes: an old intra prediction
unit 105 for performing intra prediction processing on a
block basis according to steps other than those of this
embodiment (for example, according to the intra prediction
based on the H.264/AVC standards (shown in FIG. 3)); a
new intra prediction unit 106 for performing intra prediction
according to this embodiment on a block basis (shown in
FIGS. 4, 5); and an inter prediction unit 107 for performing
inter prediction on a block basis on the basis of the amount
of motion estimated by the motion estimating unit 10. The
moving image encoding apparatus further includes: a mode
selector 108 for determining prediction encoding means (a
prediction method and the block size) that suit characteris-
tics of an image; a subtraction unit 109 for calculating
difference in prediction; a frequency converter 110 and a
quantization unit 111 that encode the difference in predic-
tion; a variable-length encoding unit 112 for performing
encoding according to the probability of occurrence of a
symbol; a reverse quantization processor 113 and a reverse
frequency converter 114 that decode the difference in pre-
diction which has been encoded; an adder 115 for generating
a decoded image by use of the decoded difference in
prediction; and a reference image memory 116 for storing a
decoded image so that the decoded image is used for the
prediction thereafter.

The input image memory 102 stores, as a target image to
be encoded, one image selected from among original images
101. The target image is divided into small blocks by the
block dividing unit 103. The small blocks are then sent to the
motion estimating unit 104, the old intra prediction unit 105,
and the new intra prediction unit 106. The motion estimating
unit 104 calculates the amount of motion of a particular
block by use of a decoded image stored in the reference
image memory 116, and then sends the calculated amount of
motion to the inter prediction unit 107 as a motion vector.
The old intra prediction unit 105, the new intra prediction
unit 106, and the inter prediction unit 107 executes intra
prediction processing and inter prediction processing on a
block basis using several kinds of block size. The mode
selector 108 selects the most suitable prediction encoding
means. Next, the subtraction unit 109 generates the differ-
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ence in prediction from the output by the most suitable
prediction encoding means, and then sends the difference in
prediction to the frequency converter 110. The frequency
converter 110 and the quantization processor 111 perform,
on a block basis using the specified block size, the frequency
conversion and quantization processing (for example, DCT
(Discrete Cosine Transformation)) for the difference in
prediction that has been sent. The result of the frequency
conversion and quantization processing is sent to the vari-
able-length encoding unit 112 and the reverse quantization
processor 113. Moreover, in the variable-length encoding
unit 112, not only information about the difference in
prediction, which is expressed by a frequency conversion
coeflicient, but also information required for prediction
encoding (including, for example, a prediction direction in
intra prediction encoding, and a motion vector in inter
prediction encoding), is subjected to variable-length encod-
ing on the basis of the probability of occurrence of a symbol
so that an encoded stream is generated.

In addition, in the reverse quantization processor 113 and
the reverse frequency converter 114, a frequency conversion
coeflicient subjected to quantization undergoes reverse fre-
quency conversion such as reverse quantization and IDCT
(Inverse DCT) such that the difference in prediction is
acquired. The difference in prediction is then transmitted to
the adder 115. Next, the adder 115 generates a decoded
image, which is then stored in the reference image memory
116.

FIG. 2 is a diagram illustrating one embodiment of a
moving image decoding apparatus according to the present
invention. The moving image decoding apparatus includes:
a variable-length decoder 202 for, according to steps reverse
to those of the variable-length encoding, performing decod-
ing of an encoded stream 201 generated by, for example, the
moving image encoding apparatus shown in FIG. 1; and a
reverse quantization processor 203 and a reverse frequency
converter 204 that decode the difference in prediction. The
moving image decoding apparatus further includes: an old
intra prediction unit 205 for performing intra prediction
processing according to steps other than those of this
embodiment (for example, according to the intra prediction
based on the H.264/AVC standards (shown in FIG. 6)); a
new intra prediction unit 206 for performing intra prediction
according to this embodiment (shown in FIGS. 7, 8); an inter
prediction unit 207 for performing intra prediction; an adder
208 for acquiring a decoded image; and a reference image
memory 209 for temporarily storing the decoded image.

The variable-length decoder 202 decodes a encoded
stream 201 in variable-length to acquire a frequency con-
version coefficient component of the difference in predic-
tion, and information required for prediction processing
including a prediction direction or a motion vector. The
former, which is the information about the difference in
prediction, is transmitted to the reverse quantization proces-
sor 203. The latter, which is the information required for the
prediction processing, is transmitted to the old intra predic-
tion unit 205, the new intra prediction unit 206, or the inter
prediction unit 207 in response to prediction means. Next, in
the reverse quantization processor 203 and the reverse
frequency converter 204, the information about the differ-
ence in prediction is subjected to reverse quantization and
reverse frequency conversion respectively such that the
information about the difference in prediction is decoded.
On the other hand, in the old intra prediction unit 205, the
new intra prediction unit 206, or the inter prediction unit
206, the prediction processing is executed with reference to
the reference image memory 209 on the basis of information
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transmitted from the variable-length decoder 202 to allow
the adder 208 to generate a decoded image, which is then
stored in the reference image memory 209.

FIG. 12 is a flowchart illustrating how to encode one
frame by the encode processing of the moving image
encoding apparatus shown in FIG. 1 according to the
embodiment of the present invention. First, all blocks exist-
ing in a target frame to be encoded (step 1201) are subjected
to the following processing. To be more specific, each block
is subjected to prediction encoding processing in each of all
encoding modes (that is to say, a combination of a prediction
method and the block size) beforehand to calculate the
difference in prediction. After that, a block whose encoding
efficiency is the highest is selected from among the calcu-
lated values of the difference in prediction. A prediction
processing method will be described as below. In addition to
the method described in this embodiment (hereinafter
referred to as “new intra prediction encoding processing”
(step 1205)), for example, the intra prediction method
adopted in the H.264/AVC standards (hereinafter referred to
as “old intra prediction encode processing” (step 1206)), and
inter prediction encoding processing (step 1207) are
executed. By selecting the most suitable mode from among
them, efficient encoding can be performed in response to
characteristics of an image. When an encoding mode whose
encoding efficiency is high is selected from among the large
number of encoding modes described above (step 1208), the
use of the RD-Optimization method enables efficient encod-
ing. The RD-Optimization method is used to determine the
most suitable encoding mode on the basis of, for example,
the relationship between the distortion in image quality and
the encoding amount. If the RD-Optimization method is
used, for example, the method is applicable that is disclosed
in G, Sullivan and T. Wiegand: “Rate-Distortion Optimiza-
tion for Video Compression”, IEEE Signal Processing
Magazine, vol, 15, no. 6, pp, 74-90, 1998.

Next, the difference in prediction generated in the selected
encoding mode is subjected to the frequency conversion
(209) and the quantization processing (1210), and is then
subjected to variable-length encoding so as to generate an
encoded stream (step 1211). In contrast, a frequency con-
version coefficient subjected to quantization undergoes
reverse quantization processing (step 1212) and reverse
frequency conversion processing (step 1213) to decode the
difference in prediction such that a decoded image is gen-
erated. The decoded image is then stored in the reference
image memory (step 1214). If all blocks have been subjected
to the above processing, encoding of one image frame ends
(step 1215).

FIG. 13 is a flowchart illustrating in detail the new intra
prediction encoding processing (the step 1205). Here, for
example, as shown with the reference numeral 1101, the
following processing is performed for all prediction direc-
tions defined beforehand (step 1301), and is performed for
all lines in each prediction direction (step 1302). To be more
specific, if a target block is located at the end of a screen
(step 1303), a boundary pixel is predicted, and the difference
in prediction is calculated, according to the step 1 shown in
FIG. 5 (step 1304). In contrast, if the target block is not
located at the end of the screen, a boundary pixel is
predicted, and the difference in prediction is calculated,
according to the step 1 shown in FIG. 4 (step 1305).
Subsequently, based on values of reference pixels included
in surrounding blocks and values of the boundary pixels
predicted by the above steps, bidirectional prediction is
performed according to the step 2 shown in FIGS. 4 and 5
(step 1305). If the above processing for all prediction
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directions and all lines is completed, the prediction encoding
processing for one block ends (step 1307).

FIG. 14 is a flowchart illustrating how to decode one
frame by the decode processing of the moving image
decoding apparatus shown in FIG. 2 according to the
embodiment of the present invention. First, all blocks
included in one frame are subjected to the following pro-
cessing (step 1401). To be more specific, an input stream is
subjected to variable-length decoding processing (step
1402), reverse quantization processing (step 1403), and
reverse frequency conversion processing (step 1404) such
that the difference in prediction is decoded. Subsequently,
according to the method having subjected the target block to
prediction encoding, new intra prediction decoding process-
ing (step 1407), old intra prediction decoding processing
(step 1408), or inter prediction decoding processing (step
1409) is executed to acquire a decoded image. The acquired
decoded image is then stored in the reference image
memory. If all blocks included in the one frame have been
completely subjected to the above processing, decoding for
the one image frame ends (step 1410).

FIG. 15 is a flowchart illustrating in detail the new intra
prediction decoding processing (the step 1407). Here, all
lines in a prediction direction are subjected to the following
processing (step 1501). To be more specific, if a target block
is located at the end of a screen (step 1402), a boundary pixel
is predicted, and the difference in prediction is calculated,
according to the step 1 shown in FIG. 8 (step 1403). In
contrast, if the target block is not located at the end of the
screen, a boundary pixel is predicted, and the difference in
prediction is calculated, according to the step 1 shown in
FIG. 7 (step 1404). Subsequently, based on values of refer-
ence pixels included in surrounding blocks and values of the
boundary pixels predicted by the above steps, bidirectional
prediction is performed according to the step 2 shown in
FIGS. 7 and 8 (step 1405). If all lines have been completely
subjected to the above processing, the prediction encoding
processing for one block ends (step 1406).

In this embodiment, DCT is taken as an example of the
frequency conversion. However, any orthogonal transfor-
mation used for elimination of correlation between pixels
may also be adopted (for example, DST (Discrete Sine
Transformation), WT (Wavelet Transformation), DFT (Dis-
crete Fourier Transformation), or KLT (Karhunen-Loeve
Transformation)). In particular, the difference in prediction
itself may also be encoded without performing the frequency
conversion. Moreover, the execution of variable-length
encoding is not particularly required. In addition, this
embodiment describes the case where luminance compo-
nents are predicted particularly on a block (4x4 pixel size)
basis. However, this embodiment may also be applied to any
size block (for example, 8x8 pixel size, and 16x16 pixel
size). Further, this embodiment may also be applied not only
to the prediction of luminance components, but also to the
prediction of color difference components Furthermore,
according to this embodiment, the prediction is performed in
eight directions that are specified in the H.264/AVC stan-
dards. However, the number of directions may also be
increased or decreased.

Next, an example of a prediction equation in this embodi-
ment will be described. Here, a case where luminance
components are predicted on a 4x4-pixel-size block basis
will be described. First, as shown in FIG. 16 (1601), on the
assumption that coordinates of a pixel located at the upper
leftmost of a target block are (0, 0), x axis is set on the right
side in the horizontal direction, whereas y axis is set on the
lower side in the vertical direction. Next, a luminance value
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at coordinates (X, y) in a target block is expressed as P [, y];
and a predicted value is expressed as predd4x4 [x, y]. In
addition, two reference pixels used for the bidirectional
prediction are expressed as Refl, Ref2 respectively. Inci-
dentally, a function Min (a, b) returns a smaller one of two
integers a, b; and a function ROUND (a) returns an integer
value obtained by rounding off the first decimal place of a
real number a.

Next, a case where prediction is performed in eight kinds
of directions excluding DC prediction (1604) from among
nine kinds of prediction methods (1602) through (1610) will
be described using an equation of a predicted value pred4x4.

When prediction is to be executed in a prediction direc-
tion 0 (Vertical) (1602), the prediction is performed by an
equation 1 as follows:

(Equation 1)

a case where adjacent blocks located on the left and the

upper side can be used:

Refl=p/x,-1]
Ref2=(p/~1,3]+p[-2,3]+p[-3,3]+p[~4,3]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2Refl ) (y+1)/4)

a case where although an adjacent block located on the
upper side can be used, an adjacent block located on the left
side cannot be used:

Refl=p/x,-1]
Ref2=2-pfx,-1]-p[x,—4]

pred4x4[x,y]=ROUND(Refl +(Ref2Refl ) (y+1)/4)

When prediction is to be executed in a prediction direc-
tion 1 (Horizontal) (1603), the prediction is performed by an
equation 2 as follows:

(Equation 2)

a case where adjacent blocks located on the left and the

upper side can be used:

Refl=p/-1.y/
Ref2=(p[3,~1]+p[3,-2]+p[3,-31+p[3,-4]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2Refl ) (x+1)/4)

a case where although an adjacent block located on the
left side can be used, an adjacent block located on the upper
side cannot be used:

Refl=p/-1.y/
Ref2=2p[~1.y/-p[-4.y]

pred4x4[x,y]=ROUND(Refl +(Ref2Refl ) (x+1)/4)

When prediction is to be executed in a prediction direc-
tion 3 (Diagonal Down Left) (1605), the prediction is
performed by an equation 3 as follows:

(Equation 3)

a case where adjacent blocks located on the left and the
upper side can be used:

when x=y=3

Refl=(p[6,-11+3'p[7,-1]+2)>>2
Ref2=(p[-1,2]+3p[-1,3]+2)>>2

pred4x4[x,y]=ROUND((Refl+Ref2)/2)

for the other cases (more specifically, x is not equivalent
to 3, and y is not equivalent to 3)
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Refl=(p/x+y,-11+2p fx+y+1,~1]+p fx+y+2,-1]+2)>>2

Ref2=(p/-1,Min(3,x+»)]+2:p/~1,Min(3 x+y+1)]+p /-
1,Min(3 x+p+2)]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2Refl)-(p+1 )/ (x+y+
2)

a case where although an adjacent block located on the
upper side can be used, an adjacent block located on the left
side cannot be used:

when x=y=3

Refl=(p/6,-1]+3-p/7,-1]+2)>>2
Ref2=(p[3,-11+p[3,-2]+p[3,-3]+p[3,-4]+2)>>2

pred4x4[x,y]=ROUND((Refl+Ref2)/2)

for the other cases (more specifically, x is not equivalent
to 3, and y is not equivalent to 3)

Refl=(p/x+y,—-11+2-p x+y+1,-1]+p [x+y+2,-1]+2)>>2
Ref2=(p/3,~11+p[3,-2]+p[3,-31+p[3,-4]+2)>>2
pred4x4[x,y]=ROUND(Refl +(Ref2Refl)-(p+1 )/ (x+y+

2)

When prediction is to be executed in a prediction direc-
tion 4 (Diagonal Down Right) (1606), the prediction is
performed by an equation 4 as follows:

(Equation 4)

a case where adjacent blocks located on the left and the
upper side can be used:

when x>y

Refl=(pfx-y-2,~1]+2pfx—-y-1,~11+p x-y,-1]+2)>>2
Ref2=(p[3,~1]+p[3,-2]+p[3,-3]+p[3,-4]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-x/3)
when x<y

Refl=(p/-1,y-x-2]+2-p[~1 y—x—114+p [~ 1 y—x]+2)>>2
Ref2=(p/~1,31+p[-2,31+p[-3,3]+p[-4,3]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-y/3)
when x=y

Refl=(p/0,~1]+2-p/-1,~114p{~1,0]+2)>>2
Ref2=(p[3,~11+p[3,-2]4p[-1,3]+p[-2,3]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(x+1)/4)

When prediction is to be executed in a prediction direc-
tion 5 (Vertical Right) (1607), the prediction is performed by
an equation 5 as follows:

(Equation 5)
when zVR=2%xy,

a case where adjacent blocks located on the left and the
upper side can be used:

when zVR=0, 2, 4, 6

Refl=(p/x-(y>>1)-1,-114+p/x-(y>>1),-1]+1)>>1

Ref2=(p/-1,31+p/-2,3]+p[-3,3]+p[-4,3]+2)>>2

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/4)
when zVR=1, 3, 5

Refl=(p/x-(y>>1)-2,-11+2pfx—(y>>1)-1,-1]+p[x—
>>1)-1]+2)>>2



US 9,451,255 B2

13 14
Ref2=(p/~1,3]+p[-2,3]+p[-3,3]+p[~4,3]+2)>>2 Ref2=(p/~1,3]+p[-2,3]+p[-3,3]+p[-4,3]+2)>>2
pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/4) pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/(x+

y+2))

when zVR=-1
5 a case where although an adjacent block located on the
Refl=(p/~1.00+2p[~1~1}+p[0:~1]+2)>>2 upper side can be used, an adjacent block located on the left

ReD=(p/~1,314p[-2314p[-3,314p[~43142)>>2 side cannot be used:

when y=0, 2
pred4x4[x,y]-ROUNDRefl +(Ref2-Refl ) (y+1)/4) 0 Refl=(p/x+(y>>1),~1+p 5+(y>>1)1+1,-1]+1)>>1
for the other cases (more specifically, zZVR=-2, -3)
Ref2=2-p[x,~1]-p[x,-4]
Refl=(p/-1,y-1]+2:p/-1y-2]4p[-1,y-31+2)>>2
pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/(x+
Ref2=(p/-1,3]+p[-2,31+p[-3,3]+p[-4,3]+2)>>2 ¥+2))
15 for the other cases (more specifically, y=1, 3)
pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/4)
. When prefiiction is to be executed in a pre.digtion. direc- Reﬂ:(y(i[ff)(’gill]);;)]:fzp bty Lyl o1l
tion 6 (Horizontal Down) (1608), the prediction is per-
formeq by an equation 6 as follows: Ref2=2-p fx,~1]-p [x,~4]
(Equation 6) 20
when zHD=2%*yx, pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/(x+
a case where adjacent blocks located on the left and the y+2))
upper side can be used: When prediction is to be executed in a prediction direc-
when zHD=0, 2, 4, 6 ’s tion 8 (Horizontal Up) (1610), the prediction is performed
Refl=(p/~1.y-G>> 1) 1[4p/1p-(r>>1)41)>>1 by an equation 8 as follows:
(Equation 8)
Rel2=(p 3.~ 11+p[3,-214p[~1.3}4p[-2.3]+2)>>2 when zHU=x+2%y,
a case where adjacent blocks located on the left and the
preddx4[x,y]=ROUND(Refl +(Ref2-Refl )- (x+1)/4) . upper side can be used:
when zHD=1. 3. 5 when ZHUZO, 2, 4
Refl=(p/~1,y-(>>1)=2]42:p/~1 y-(x>>1)~1]4p/ Refl=(p/-1 y+(x>>1)]+p[~1 y+(x>>1)+1]+1)>>1
Ly-(x>>1)]+2)>>2
Ref2=(p/3,~1]+p[3,-20+p[-1,314p[-2,3]+2)>>2
Ref2=(p3,~1]+p[3,-20+p[-1,3]+p[-2,3]+2)>>2 35
pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(x+1)/4)
pred4x4[x,y]=ROUND(Refl +(Ref2-Refl )-(x+1)/4) when zHU=1. 3
when zHD=-1 Refl=(p/-10+&>>D)]+2p [~ 1 y+x>>1)+114p /-1,
Refl =(p/~1,01+2:p/~1,-1]4p[0,~1]+2)>>2 0 yHE>>1)+2]42)>>2
Ref2=(p3,~1]+p[3,-20+p[-1,3]+p[-2,3]+2)>>2 Ref2=(p[3,~11+p[3,-214+p[~1,314p[~2,3]+2)>>2
preddx4[x,y]-ROUND(Refl +(Ref2-Refl ) (x+1)/4) pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(x+1)/4)
for the other cases (more specifically, zHD=-2, -3) 45 when ZHU=5
Refl=(pfx—1,-11+2:p{5-2,~114p[5-3,-1]+2)>>2 Refl=(p/~1,21+3-p{~1,3]+2)>>2
Ref2=(p3,~1]+p[3,-20+p[-1,3]+p[-2,3]+2)>>2 Ref2=(p/3,~1]+p[3,-21+p[-1,3]+p[-2,3]+2)>>2
preddxa[x,y]=ROUND(Refl +(Ref2-Ref1 - (x+1)/4) 50 preddx4[x,y]=ROUND(Refl +(Ref2-Refl)-(x+1)/4)
When prediction is to be executed in a prediction direc- for the other cases (more specifically, zZHU>5)
tion 7 (Vertical Left) (1609), the prediction is performed by Refl=p/~1,3]
an equation 7 as follows:
(Equation 7) Ref2=(p/3,~1]+p[3,-20+p[-1,314p[-2,3]+2)>>2
a case where adjacent blocks located on the left and the 33
upper side can be used: pred4x4[x,y]=ROUND(Refl+(Ref2-Refl)-(x+1)/4)
when y=0, 2 a case where although an adjacent block located on the
Refl=(p fr+(y>> D)o Jop ey > 1] =141 )51 left side can be used, an adjacent block located on the upper
6 side cannot be used:
Ref2=(p/~1,3]+p[~2,31+p/3,31+p[-4,3]+2)>>2 a case where zHU=0, 2, 4
Refl=(p/-1 Dltp/-1 D+1]+1)>>1
preddx4[x,y]=ROUND(Refl +(Ref2-Refl)-(y+1)/(x+ ALy DRP Ly a>> D>
2
) Re2-2p/-1yj-p[~43]
for the other cases (more specifically, y=1, 3) 65

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl)-(x+1)/4)
Refl=(p x+(y>>1),-11+2:p x+(y>>1)+1,-1]+p/x+
(y>>1)+2,-1]+2)>>2 when zHU=1, 3
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Refl=(p/~1y+(x>>D)+2p/[~ L y+(x>>1)+1]+p/-1,
yHE>>1)42]+2)>>2

Ref2=2p[~1.y/-p[-4.y]

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl )-(x+1)/4)
when zHU=5

Refl=(p/-1,2]+3:p[-1,3]+2)>>2
Ref2=2p[~1.y/-p[-4.y]

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl )-(x+1)/4)
for the other cases (more specifically, zHU>5)
Refl=(p/~1,3]

Ref2=2p[~1.y/-p[-4.y]

pred4x4[x,y]=ROUND(Refl +(Ref2-Refl )-(x+1)/4)

In the embodiment described above, when two reference
pixels are used, prediction of pixels which cannot be
selected from encoded (decoded) pixels (for example, pre-
diction of boundary pixels E, F, G, H in the step 1 shown in
FIG. 4) is mainly performed by an average value of pixels
belonging to the same row (or the same column) of encoded
adjacent blocks. However, the above-described prediction
does not need always the average value. For example, a
minimum value, a maximum value, and a median value may
also be used. In addition, any kind of calculating formula
(for example, extrapolative prediction (or interpolative pre-
diction) using these pixels) may also be used. In particular,
when the interpolative prediction is performed, any kind of
method (for example, linear interpolation, and nonlinear
interpolation) may also be used. On the other hand, when the
extrapolative prediction is performed, any kind of model
(for example, straight line/parabola approximation using the
least-squares method, the Newton’s interpolation, and the
Lagrange interpolation) may also be used to perform the
prediction.

FIG. 17 is a conceptual diagram illustrating a case where
the boundary pixels E, F, G, H are predicted by the extrapo-
lative prediction in the step 1 (402) shown in FIG. 4. Here,
a horizontal axis indicates coordinates, whereas a vertical
axis indicates a luminance value. Reference numeral 1701
shows a case where the straight-line approximation is per-
formed. A predicted straight row is calculated based on, for
example, the least-squares method by using decoded pixels
A', B, C', D' located in the lowermost line of an adjacent
block located on the left side. Points corresponding to
coordinates of boundary pixels E, F, G, H in the straight line
are used as predicted values. In addition, reference numeral
1702 shows a case where the same extrapolative prediction
is performed by curve approximation including the parabola
approximation, the Newton’s interpolation, and the
Lagrange interpolation. In this case, boundary pixels E, F, G,
H are predicted on the basis of a predicted curve calculated
by use of decoded pixels A', B', C', D'". The boundary pixels
predicted by the above processing are used as one of
reference pixels, for example, when bidirectional prediction
in the step 2 shown in FIG. 4 is performed.

In addition, information used for the prediction of refer-
ence pixels is not particularly limited to pixels belonging to
the same row (or column) so long as it is information about
adjacent blocks. Moreover, according to this embodiment,
the bidirectional prediction (for example, prediction of pix-
els J, K, L in the step 2 shown in FIG. 4) is performed by the
linear interpolation that uses two reference pixels. However,
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the interpolation method thereof is not particularly limited
so long as a target pixel is located between the two reference
pixels to be used. For example, a predicted value of the
target pixel may also be expressed by any straight-line
equation of two reference pixels. In this case, on the assump-
tion that two reference pixels are defined as Refl, Ref2, a
predicted value pred4x4 is calculated by an equation 9 as
follows:

pred4x4[x,y/=a-Refl+b+Ref2 (Equation 9)

Here, each of a, b represents a constant that is a real
number. These values may also be defined as predetermined
values, or may also be specified on a block basis. In addition,
blocks to which the intra prediction encoding method (de-
coding method) used for the screen end shown in FIG. 5
(FIG. 8) can be applied are not particularly limited to blocks
located at the screen end. In other words, this method may
also be applied to blocks other than the blocks located at the
screen end.

FIG. 18 is a diagram illustrating a configuration example
of an encoded stream generated according to this embodi-
ment, the diagram mainly showing encoding parameters that
should be set on a block basis. Here, as is the case with the
unit of processing based on the H.264/AVC, an encoding
mode is determined on a fixed-length macro block basis.
Each macro block can be further divided into smaller blocks.
Prediction encoding shall be performed on a divided block
basis. In this case, information is encoded in variable-length,
and is then stored. The information to be subjected to
encoding includes: a macro block number (1801) used to
identify coordinates on a macro block basis; an encoding
mode number (1802) that indicates a prediction method and
the block size; information required for prediction (1803)
including, for example, a motion vector at the time of inter
prediction, and a prediction direction at the time of intra
prediction; and information about difference in prediction
(1804). In particular, the encoding mode number (1802) may
also be serially assigned to all prediction means, or may also
be expressed with different bits on a prediction means basis.

FIG. 19 is a diagram illustrating another configuration
example of an encoded stream generated according to this
embodiment shown in FIG. 18, the diagram mainly showing
encoding parameters that should be set on a block basis. This
configuration example includes: a macro block number
(1901); a prediction method (1902); a flag (1903) indicating
whether or not to perform prediction using an adjacent pixel
according to this embodiment; informational required for
prediction (1904); and information about difference in pre-
diction (1905).

While we have shown and described several embodiments
in accordance with our invention, it should be understood
that disclosed embodiments are susceptible of changes and
modifications without departing from the scope of the inven-
tion. Therefore, we do not intend to be bound by the details
shown and described herein but intend to cover all such
changes and modifications as fall within the ambit of the
appended claims.

What is claimed is:

1. An image decoding method using intra prediction, the
method comprising:

a first step for performing inverse variable length coding

processing;

a second step for inverse quantization processing the data

that has been processed in the first step;

a third step for decoding prediction residuals by inverse

frequency conversion processing the data obtained by
inverse quantization in the second step; and
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a fourth step for obtaining a decoded image as a cluster of
decode target pixels by performing a decoding process
using the prediction residuals and a decoded pixel,

wherein, processes in the fourth step include:

a first process for generating a first reference pixel
using a pixel in a decoded block adjacently located
on left side or upper side of a decode target block,
and for generating a prediction pixel in a prediction
mode, in which a calculation process is performed
using the first reference pixel and a decoded second
reference pixel, the second reference pixel being
adjacently located on left side or upper side of the
decode target block and located at a different side
from the side of the first reference pixel; and

a second process for generating a prediction pixel using
a decoded pixel adjacently located to the decode
target block in a different prediction mode from the
prediction mode in the first process, and

wherein a decode target pixel is obtained by using the
prediction pixel generated by the first process or the
second process and the prediction residuals.
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